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Abstract: Functionalized graphene/epoxy composites were prepared to miprove thermal conductivities of epoxy
composites and to maintain electrical insulating property. Graphene oxide (GO) was prepared using Hummers method,
and then GO was reacted with aluminum isopropoxide to functionalize AI(OH); layer onto GO surface by a simple
sol-gel method (AI-GO). GO and Al-GO were characterized by X-ray photoelectron spectroscopy, field emission scanning
electron microscopy and transmission electron microscopy. The analyses confirm that GO was coated with a large and
dense coverage of AI(OH);. GO and Al-GO (1 and 3 wt%) were embedded in bisphenol A (DGEBA) to investigate the
effects of electrical insulating property. Electrical resistivity showed that AI-GO had better insulating property than
GO. Further, the thermal conductivity of GO and Al-GO/epoxy composites was higher than that of neat epoxy resins. In
particular, the thermal conductivity of AI-GO/bisphenol F (DGEBF) improved by 23.3% and AI-GO/DGEBA
enhanced by 21.8% compared with pure epoxy resins.
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Figure 1. Preparation of modified graphene composites with alumi-
num isopropoxide (AlIP).
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Figure 2. X-ray photoelectron spectra survey scans of (a) graphene
oxide; (b) carboxylic acid reduced graphene; (c) Al(OH); functional-
ized graphene.
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Figure 3. C 1s X-ray photoelectron spectra of (a) graphene oxide; (b) carboxylic acid reduced graphene; (c) AI(OH); functionalized graphene com-
posite; O 1s spectra of (d) carboxylic acid reduced graphene; (e) AI(OH); functionalized graphene composite; Al 2p spectrum of (f) AI(OH); func-

tionalized graphene.
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Figure 4. FE-SEM images and EDX spectra of graphene sheets (a)
graphene oxide; (b) AI(OH); functionalized graphene composite; (c)
EDX of graphene oxide; (d) EDX of Al(OH); functionalized graphene.

Figure 5. FE-TEM images of the graphene layers, (a) graphene oxide;
(b) AI(OH); functionalized graphene.
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Figure 6. Electrical resistivity of DGEBA composites with graphene
oxide(GO) and Al(OH); functionalized graphene.
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Figure 7. Thermal conductivity of DGEBF and DGEBA composites
with neat epoxy, graphene oxide and Al(OH); functionalized graphene.

Table 1. Density of DGEBA and DGEBF Composites with Neat
Epoxy, Graphene Oxide and Al(OH); Functionalized Graphene

Type of epoxy None(g/em®)  GO(g/em®)  Al-GO(g/cm’)
Bisphenol F 1.195 1.232 1.238
Bisphenol A 1.154 1.167 1.205

A, Fx, A7V, SAAIS i EY 2 Alole] GAF) Foll
FES o] A Utk Y o5 EUE Figure 7S
AT RW 2 FEre] FXAE 7S W DGEBF
E3HA| o4 DGEBA E3HA| Bt} & GAEEE VA=
Aol #zET olH g Ads FHAY 79 #A glo]
2o Z7A9AM mEY NS WA S W BE S/
EaAA sLe AFS Hola Ut olx Z7] wE
gxo] spehpzo os) Aol 7heshH sfatzol Al
olE 159 o] 2¥A &2 AR wEZ 2 U4
A ARE WA o] DA o] vl B dhe] dElA
At} 53] Phillpot 15 984 AlEHo|AS Fall,
o]# 3 o]l fe LEA ALE YR VH FHEol 9% 3l

rf&

% (vibration)el] o] U] AEE I} B} w] 2]
B9 Lol Aol 155 9 Aol 5ol K
o U] Ade] T8A ghe Faxol vls] wlS =n]
oeiat o frx AHw=A] vfg Fauold e ns]E
SPUTE? B4 P2 o] EANSHE Aol= 1§ Do
) BAre fmsie ol @ 58 ARE Byabl sol

EZ 2 Yo oA 9] AFAZE F7IA7AL o2
o13te] dAEL ZHAE ZslA drt
3 2HA 0] 2F7o] e AEE9 AFS Figure 7S

Polymer(Korea), Vol. 36, No. 1, 2012



e

28 717

8 gelst 4= k. o AFE A EE GOE ¥W-e oFA

= Holm ALGOE Y& o=
ko] ZHAE Yei= A
= AH e dHEEst
AAEEE 7 E
1-GO®| 73-9- Al(OH):=
GOS®} vl ate] ol

Ll

o

o

>~
TR

X
m £ o

1o

r\l

AI(OH);2] =}o]of x
Qste] FHA AFA 2
7] W ot}

£
N
3 o
ol
2L
H
>

= R

—

4 B

2 AN e GHeE e &5
AEA A AEsE 2 RGOS e
isopropoxide(AlIP)E 1A =2 A}-8-3}

2
o
fu
Mt T
re
o
2
il

=R

-

Ao EdmEe ofd FFE PA=A EA e eH
A7 Ewe] s} gk A H gkt

AzE e e] 753t o FE E]lsly] 915t XPS

B4 Agste] HEH oz AllPet 2ejde] A¢S g

S Fabe] zefele] EHel AIOH)Z©l #d3H
dte] wgE Ag FAF F don W A o F
GO #HFHO2 A(OH),F0l 22)d FA) x5k

o ZFA] 2 ] HUh 17 2 € e
EAd v A= JFe #E3] Y8t 2t SHAE "ot
@A 545 A0t DGEBA Wl EE 2o GO}
Al-GOE 1, 3wt% A 7Fste] A714 88 45t vlasts]
or] 2 A3t ALGOS] W74 @5kl GOst HlaLste] &
e 7HE Y olge AxE F3ke] Al(OH)S©] GO
WNAREE golFo] AAEAS A A FE AS
stelsldtl. T3k GO9F Al-GOS DGEBA$} DGEBF i
Eg 2o 1wi% H7Fste] B39 diEEE SAH e
T T o] FA] A 2E BioA THAE HUte 53t
AEZ gho] &4 ol FA] #3134} v wste] S7H
7

1. R. S. Bauer, Epoxy resins chemistry, American Chemical Society,
Washington D.C., 1979.
2. C. A. May, Epoxy Resins, Marcel Pekker, New York, 1988.

Zgm , A36dA 13,2012

o

LR

3

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.
27.

F2 .47

. P. Kapur, J. P. McVittie, and K. C. Saraswat, /[EEE Trans.
Electron. Dev., 49, 590 (2002).

. V. V. N. Obreja, IEEE Int. Symp. Indus. Electron-ISIE06, 2,
835 (2006).

. A. A. Balandin, S. Ghosh, W. Bao, 1. Calizo, D. Teweldebrhan,
F. Miao, and C. N. Lau, Nano Lett., 8, 902 (2008).

. X. Du, I. Skachko, A. Barker, and E. Y. Andrei, Nature
Nanotechnol., 3, 491 (2008).

. C. G Lee, X. D. Wei, J. W. Kysar, and J. Hone, Science, 321,
385 (2008).

. Y. Geng, J. Li S. J. Wang, and J. K. Kim, J Nanosci.
Nanotechnol, 8, 6238 (2008).

. D. Li, M. B. Miiller, S. Gilje, R. B. Kaner, and G G Wallace,

Nature Nanotechnol., 3, 101 (2008).

T. Imai, F. Sawa, T. Nakano, T. OzaKi, T. Shimizu, M. Kozako,

and T. Tanaka, /EEE T. Dielectr. EL In., 13, 319 (2006).

Y. Xu, D. D. L. Chung, and C. Mroz, Compos. Part 4, 32,

1749 (2001).

L. C. Sim, S. R. Ramamam, H. Ismail, K. N. Seetharamu,

and T. J. Goh. Thermichim. Acta, 430, 155 (2005).

A. Stti, P. Larpent, and Y. Gun’ko, Carbon, 48, 3376 (2010).

S. Ganguli, A. K. Roy, and D. P. Anderson, Carbon, 46, 806

(2008).

S. Stankovich, D. A. Dinkin, R. D. Piner, K. A. Kohlhaas, A.

Kleinhammes, Y. Jia, Y. Wu, S. T. Nguyen, and R. S. Ruoff,

Carbon, 45, 1558 (2007).

J. M. Martin, L. Vovelle, M. Bou, and TH. Le Mogne, 4ppl.

Surf. Sci., 47, 149 (1991).

A. M. Beccaria, G. Castello, and G. Poggi, Brit. Corros. J.,

30, 283 (1995).

B. J. Meenan, J. A. Hewitt, and N. M. D. Brown, Surf

Interf. Anal., 18, 187 (1992).

K. Hernadi, E. Couteau, J. W. Seo, and L. Forro, Langmuir,

19, 7026 (2003).

A.Nylund and I. Olefjord, Surf’ Interf. Anal., 21,283 (1994).

S. Stankovich, D. A. Dikin, G H. B. Dommett, K. M. Kolhaas,

E. J. Zimney, E. A. Stach, R. D. Piner, S. T. Nguyen, and R.

S. Ruoff, Nature, 442, 282 (2006).

I. Jung, D. A. Dikin, R. D. Piner, and R. S. Ruoff, Nano

Lett.,, 8, 4283 (2008).

S. Watcharotone, D. A. Dikin, S. Stankovich, R. Piner, 1. Jung,

G. H. B. Dommett, G. Evmennenko, S. E. Wu, S. F. Chen,

C. P. Liu, S. T. Nguyen, and R. S. Ruoff, Nano Lett., 7,

1888 (2007).

A. Yasmin and I. M. Daniel, Polymer, 45, 8211 (2004).

S. Y. Yang, C. C. M. Ma, C. C. Teng, Y. W. Huang, S. H. Liao,

and Y. L. Huang, et al., Carbon, 48, 592 (2010).

C. Lin and D. D. L. Chung, Carbon, 47, 295 (2009).

M. J. Biercuk, M. C. Llaguno, M. Radosavljevic, J. K. Hyun,

A. T. Johnson, and J. E. Fischer, Appl. Phys. Lett., 80, 29767

(2002).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


